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Trigeminal innervated areas in face, nasolacrimal, and nasal mucosa can produce a wide 
array of cardiorespiratory manifestations that include apnea, bradypnea, bradycardia, 
hypotension, and arrhythmias. This reflex is a well-known entity called “trigemino-cardiac 
reflex” (TCR). The role of TCR is investigated in various pathophysiological conditions 
especially in neurosurgical, but also skull base surgery procedures. Additionally, its signif-
icance in various sleep-related disorders has also been highlighted recently. Though, the 
role of diving reflex, a subtype of TCR, has been extensively investigated in sudden infant 
death syndrome. The data related to other sleep disorders including obstructive sleep 
apnea, bruxism is very limited and thus, this mini review aims to investigate the possible 
role and correlation of TCR in causing such sleep abnormalities.
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inTRODUCTiOn
Sleep disorders are a common increasing health problem in today’s industrialized world and can 
have a significant impact on quality of life and of working. They commonly manifest as excessive 
daytime sleepiness, difficulty initiating or maintaining sleep, or abnormal movements, behaviors, 
and sensations occurring during sleep. Sleep bruxism, thought to be a more intense form of rhythmic 
masticatory muscle activity (RMMA), has a prevalence of about 8% (1). Sleep apnea syndrome affects 
up to 3–5% of the adult human population. Unfortunately, the majority of sleep disorders remain 
undiagnosed to a large extent. Young et al. in 1997 reported that 80–90% of adults with clinically 
significant sleep-disordered breathing remain undiagnosed (2).
In this regard, the role of the trigemino-cardiac reflex (TCR) is never extensively explored. The 
TCR is one of the most powerful autonomic reflexes of the body that helps reduce heart rate under 
challenging situations by acting as oxygen-conserving reflex (3–5). The trigeminal nerve can be 
stimulated anywhere along its course and causes sympathetic withdrawal and parasympathetic over 
activity through the vagus nerve resulting in bradycardia or even asystole, apnea, bradypnea, and 
hypotension. Various manifestations of the TCR include the naso-cardiac reflex, peripheral TCR, 
the diving reflex (DR), and the central TCR (6–10). Interestingly, DR, a subtype of TCR, has been 
hypothesized to have a role in sudden infant death syndrome (SIDS) (11) and the TCR is also linked 
to sleep disorders like sleep-related bruxism (SB) (12). It is reported that sudden microarousals (MA) 
occurring in the brain due to airway obstruction during sleep cause tachycardia, which stimulates 
RMMA and teeth grinding that activate the TCR resulting in bradycardia. The physiological basis 
and importance of conditions like sleep bruxism and obstructive sleep apnea (OSA) are still not 
completely understood. This is a narrative mini review and aims to provide facts and hypotheses that 
the TCR plays a central role in various sleep disorders.
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nORMAL SLeeP
About one-third of our lives are spent sleeping. Two types of 
sleep have been described: non-rapid eye movement (NREM) 
and rapid eye movement (REM). NREM further has four stages, 
1, 2, 3 and 4, representing a continuum of relative depth of sleep. 
NREM and REM cycle throughout the night. Normal individuals 
first enter sleep in NREM, which progresses through stages 1, 2, 3 
and 4, and then enter REM sleep. NREM sleep occupies 75–80% 
of sleep and REM sleep accounts for 20–25%. The average length 
of NREM–REM cycles is 70–100 min initially and later increases 
to 90–120  min as sleep progresses (13). The duration of REM 
sleep in each cycle increases as the night progresses.
The four stages of NREM sleep have characteristic brain 
physiology. Stage 1 accounts for 2–5% of total sleep and gets easily 
disrupted by loud noise. EEG waves in this stage show transi-
tion from alpha waves to low voltage, mixed frequency waves. 
Stage 2 accounts for 45–55% of total sleep and is characterized 
by low voltage, mixed frequency waves with sleep spindles and 
K-complexes. Stages 3 and 4, together called slow-wave sleep, are 
characterized by high voltage, slow wave activity. Stage 3 accounts 
for 3–8% and stage 4 for 10–15% of total sleep. Among all stages 
of NREM sleep, arousal threshold is highest for stage 4 (13). 
REM sleep is characterized by theta waves and slow alpha waves, 
muscle atonia, and bursts of REMs (13). Most of dreaming and 
memory consolidation occur during REM sleep (14).
Non-rapid eye movement and REM sleep vary considerably 
concerning physiological changes (15, 16). Broadly, brain activity, 
heart rate, blood pressure, cerebral blood flow, and respiration 
decrease during NREM and increase in REM sleep. Muscle tone 
is absent, and body temperature regulation is disturbed during 
REM sleep and sexual arousals occur more frequently in REM 
sleep. Airway resistance increases during both NREM and REM 
sleep, compared to wakefulness (17).
SLeeP DiSORDeRS
Around 90 different sleep disorders have been identified so far. 
The third edition of International Classification of Sleep Disorders 
(ICSD-3) classifies sleep disorders into seven major diagnostic 
sections—insomnia, sleep-related breathing disorders, central 
disorders of hypersomnolence, circadian rhythm sleep–wake 
disorders, parasomnias, sleep-related movement disorders, and 
other sleep disorders (18). The ICSD-3 classifies OSA as a sleep-
related breathing disorder while SB is classified as a sleep-related 
movement disorder. OSA, usually occurs due to mild to severe 
collapse of the airway (mainly obstruction by soft tissues) in up to 
9% of women and 24% of men (19, 20); while the RMMA is much 
more widespread and occurs in up to 60% of normal population, 
80% of these occurring in NREM sleep (21).
While insomnia is defined as sleep initiation or maintenance 
problem despite adequate circumstances to sleep and having 
daytime consequences, sleep-related breathing disorders include 
OSA, central sleep apnea syndromes, sleep-related hypoventilation 
disorders, and sleep-related hypoxemia disorder. The diagnosis 
of OSA in adults requires either presence of signs/symptoms or 
associated medical/psychiatric history coupled with five or more 
obstructive respiratory events per hour of sleep. Alternatively, 
OSA is also diagnosed based on ≥15 obstructive respiratory 
events per hour, even in the absence of associated symptoms or 
disorders (18). Central disorders of hypersomnolence are charac-
terized by excessive daytime sleepiness that cannot be attributed 
to another sleep disorder or abnormalities of circadian rhythm 
and is often caused by intrinsic CNS abnormalities that control 
the sleep–wake cycle. Circadian rhythm sleep–wake disorders are 
defined as a chronic or recurrent pattern of sleep–wake rhythm 
disruption lasting for at least 3 months. Parasomnias can be either 
NREM related or REM related and include conditions such as 
sleep walking, nightmare disorder, sleep enuresis, sleep-related 
hallucinations, etc. Sleep-related movement disorders are charac-
terized by simple, often stereotyped movements during sleep and 
include restless legs syndrome, periodic limb movement disorder, 
SB, benign sleep myoclonus of infancy, etc. SB refers to RMMA 
characterized by tooth grinding or clenching in sleep that lacks 
a definitive physiological purpose and is associated with intense 
sleep arousal activity (22). It is polysomnographically character-
ized by forceful, short (approximately 250  ms) rhythmic, or 
prolonged contractions of masticatory muscles (23).
The etiology of sleep disorders can be related to social, psy-
chological, and anatomical factors. Insomnia occurs because of a 
combination of biological, mental, and social factors, but, stress, 
old age, and female gender play a major role. OSA occurs due to 
frequent periods of collapse of the pharyngeal airway. This causes 
a reduction in oxygen saturation of blood leading to cortical and 
brainstem arousals. Risk factors for OSA include obesity, male sex, 
alcoholism, increasing age, etc., and it has been found to be asso-
ciated with higher incidence of hypertension, myocardial infarc-
tion, congestive heart failure, and diabetes (24–27). Narcolepsy 
and cataplexy have been found to be involved in the presence 
of HLA-DQB1*0602 haplotype and loss of hypocretin (orexin) 
producing neurons in the brain (28). The SIDS, a sudden death 
of infants less than a year old during sleep, is currently the third 
leading cause of death in infants in the United States (29). The 
exact cause is still not known but developmental abnormalities 
of the cardiorespiratory system are one of the proposed etiologies 
(30). SB can occur due to both central (involving brain neuro-
transmitters, basal ganglia, limbic system) (31) and peripheral 
(dental occlusion or other morphological features of jaw system) 
factors, with central factors being more important (32). Patients of 
sleep bruxism, a more intense form of RMMA, experience higher 
episodes of RMMA per hour than patients without bruxism (13). 
Three types of bruxism have been described: tooth grinding with 
friction sounds, tooth clenching, and tapping or jaw bracing (33).
LinKAGe OF TCR TO vARiOUS  
SLeeP DiSORDeRS
The TCR, as the most powerful autonomic reflex, is known to 
cause bradycardia and apnea. The resulting decrease in heart 
rate and apnea are the mechanisms through which the TCR can 
be implicated in causing various sleep disorders (Figure 1). In 
this regard, the role of peripheral TCR (DR) in causing SIDS 
has been investigated (6, 11). The rostral trigeminal sensory 
nuclear complex neurons convey information from orofacial 
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regions to the thalamus. Cairns et al. have reported suppression 
of these neurons during active sleep, the exact cause of which is 
not known, but, is speculated to contribute to maintaining the 
integrity of active sleep (34). Classical cardiorespiratory changes 
(bradycardia, apnea, and hypertension) associated with OSA are 
multifactorial; however, the role of peripheral TCR (DR) in caus-
ing such changes cannot be underestimated (35). Interestingly, 
the TCR can also be linked to both the causation as well as 
systemic manifestations of OSA. One of the key components of 
OSA is hypoxemia that itself acts as a potential risk factor for 
inciting the TCR. Also, hypoxemia is a known cause of sudden 
death in such patients; therefore may suggest the role of the TCR 
in victims of sudden death as well (35). Recently, the role of TCR 
is postulated for the phenomenon of sleep bruxism and thus, 
the TCR seems to cause a broad range of sleep disorders that are 
elaborated below in detail.
FiGURe 1 | Trigemino-cardiac reflex pathway and sleep disorders.
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SLeeP BRUXiSM
Heart rate remains stable during normal sleep when breathing 
is normal. However, when breathing becomes labored due to 
airway obstruction, the fall in oxygen content of blood causes 
the body to put extra effort to obtain oxygen, leading to MA 
of the brain. MA episodes are characterized by tachycardia, 
increased muscle tone, and increased brain activity, while the 
person remains asleep (36). Sleeping in the supine position 
also seems to affect the frequency of SB, probably because this 
position is associated with airway obstruction (37). Hypotheses 
postulated for RMMA–SB episodes include a need to increase 
salivary flow for lubrication during sleep, need to reduce heart 
rate during MA of the brain, and need to open the airway dur-
ing episodes of airway collapse (38, 39). Schames et al. in 2012 
discussed the physiology of SB and the TCR as a probable cause 
of SB. The authors have discussed how SB occurs as a result of 
tachycardia during MA and then stimulates a vagal response 
(12). SB has been reported to be secondary to MA of the brain 
earlier by Kato et al. in 2001 (40). A sequence of physiological 
changes starting with increased respiratory rate, followed by 
increased EEG activity and an increase in heart rate has been 
described to occur just before an RMMA episode (41). Schames 
et  al. proposed that tachycardia occurs due to brain MA and 
probably causes an RMMA–SB episode. Whereas, masticatory 
movements stimulate the TCR and result in bradycardia, teeth 
contact occurring during SB serves as an even stronger stimulus 
for the TCR resulting in more profound bradycardia than RMMA 
alone (12). Thus, RMMA–SB episodes have been proposed to 
be an auto-regulatory process occurring during sleep with TCR 
playing a central role in SB. The fact that partial masticatory 
movements, as in the submaximal opening of mouth by a spring 
device, causes prolonged reduction of blood pressure and heart 
rate has been substantiated by Brunelli et al. (42).
Chase et  al. identified neurons in the medullary reticular 
formation to be responsible for the postsynaptic inhibition of 
trigeminal motor neurons during active sleep, causing atonia 
of masseter muscles (43). Another report by Gastaldo et  al. 
suggests the presence of a group of interneurons that modulate 
the trigeminal motor system. Alteration in the excitability of this 
group of interneurons could increase the firing probability in 
trigeminal motor neurons during sleep arousals leading to exces-
sive jaw muscle contractions, as seen in SB (44).
Though the physiology of SB is not exactly known, this above-
mentioned available knowledge does point toward the TCR play-
ing an important role in its pathogenesis, but, will need further 
confirmatory evidence in implicating TCR definitively.
OSA, CenTRAL SLeeP APneA, SUDDen 
DeATH, AnD SiDS
Noradrenergic cells in the brainstem are known to project to 
trigeminal motoneurons which control soft palate muscles, and 
their discharge activity has been positively correlated with sleep 
state-dependent changes in muscle tone (45). Schwarz et al. in 
2008 demonstrated that noradrenaline plays a modulatory role 
in potentiating glutamate-dependent synaptic transmission (46). 
The same authors in 2010 reported that noradrenaline could not 
trigger motoneuron excitability on its own; instead, it acts to 
facilitate glutamatergic motor excitation. The glutamatergic drive 
is reported to be minimal during REM sleep causing the atonia of 
REM sleep (47), the reason why drugs that increase noradrenergic 
neurotransmission have had limited success in increasing muscle 
tone during REM sleep (48). Schwarz and Peever propose that 
drugs that boost glutamate receptor function in conjunction with 
noradrenergic agents could be successful in counteracting sleep-
related motor suppression, such as that underlying OSA (49). So, 
the trigeminal system seems to have a role in OSA as well, but 
whether the TCR is involved or not, needs to be explored.
The naso-trigeminal reflex, a form of peripheral TCR, is 
known to be a protective response for the upper airways from 
noxious substances. Dutschmann and Herbert in 1999 tested the 
hypothesis that stimulation of sensory trigeminal afferents might 
contribute to REM sleep apnea. They reported that injection of 
carbachol (mixed agonist for nicotinic and muscarinic acetyl-
choline receptors) into pontine reticular nuclei of anesthetized 
rats causes marked potentiation of ethmoidal nerve induced 
respiratory depression and induces REM sleep like respiratory 
suppression, even apnea in some cases. The authors speculated 
that activation of sensory trigeminal afferents during REM sleep 
could easily trigger centrally mediated apneas and cause patho-
logical conditions like REM sleep apnea or SIDS (50). An increase 
in upper airway resistance and increased nasal discharge, as seen 
in allergic rhinitis and rhino sinusitis, have been found respon-
sible for disordered breathing in sleep and MA (51). Tobacco 
smoke causes congestion and increased nasal airflow resistance. 
Trigeminal neurons can be activated by mast cell mediators and 
may contribute to sneezing and itching (52). Trigeminal fibers to 
the central nervous system convey the sensation of nasal pruritus. 
The stimulation of nasal trigeminal receptors by factors such as 
nasal congestion, nasal discharge, or smoke might activate the 
TCR and may cause sleep disorders. Allergic rhinitis is known to 
cause neuronal hyper-responsiveness of upper airways to stimuli 
that activate nasal afferents (53). Nasal inhalation of particulate 
material or rubbing of inferior turbinate has been shown to cause 
bronchoconstriction and cardio-depression, through stimula-
tion of trigeminal afferents and activation of TCR (54). A similar 
response to nasal congestion or nasal discharge by activation of 
TCR or DR may be caused in allergic rhinitis. Lavie et al. have 
suggested that increased upper airway resistance and nasal 
discharge seen in allergic rhinitis cause disordered breathing in 
sleep and MA (up to 10 times more than in normal controls) (51). 
Whether these MA episodes are associated with higher incidence 
of SB in patients of allergic rhinitis needs to be established. Cook 
et al. observed an exaggerated response to cold stimulus applied 
on face (simulating DR) in people with non-eosinophilic non-
allergic rhinitis (NENAR) as compared to normal individuals 
(55). There was a significant increase in airway resistance in 
patients of NENAR due to increase in parasympathetic tone 
[autonomic control of nasal vasculature (56)] but not in normal 
individuals. Here, the afferent is mediated by the trigeminal 
nerve while the efferent limb is parasympathetic. This study 
observed an exaggerated DR or TCR in individuals with NENAR 
and thus there may be a possible association of nasal discharge 
5Chowdhury et al. Sleep Disorders and TCR
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or congestion and sleep disorders linked through TCR in such 
individuals. This needs to be explored further. It is well known 
that OSA may occur in patients with rhinitis and therefore, sleep 
disorders like OSA or SB might be linked via activation of TCR 
by nasal congestion/discharge or inflammatory triggers. Further 
research in this direction is warranted.
Heiser et  al. have demonstrated that trigeminal stimulation 
during sleep leads to arousals in a dose- and time-dependent 
manner (57, 58). Several authors have shown earlier that failure 
to arouse from sleep could be the causative factor for SIDS. 
Decreased spontaneous arousals during sleep in SIDS victims 
compared with control infants has been described (59, 60), and 
has been attributed to the possible immaturity of the autonomic 
nervous system as shown by Tuladhar et al. in their study, where 
they examined heart rate responses to arousing and non-arousing 
trigeminal stimuli (61). Tuladhar et al. in 2005 also reported that 
the bradycardia occurring in response to non-arousing stimula-
tion of the trigeminal nerve is present in infants up to 6 months 
of age and is stronger when sleeping in the supine position and 
the NREM (quiet sleep) sleep stage (62).
It is a well-established fact that the autonomic nervous sys-
tem plays a critical role in the pathogenesis of various cardiac 
arrhythmias (63, 64). For example, atrial fibrillation reportedly has 
an association with an imbalance between the sympathetic and 
parasympathetic supply of the heart (65). Similarly, ventricular 
fibrillation has been shown to be initiated by sympathetic stimula-
tion, especially in an ischemic heart (66). Though sinus arrhythmia 
is considered physiological during sleep and bradyarrhythmias 
also can occur due to increased vagal activity (67), especially dur-
ing NREM sleep, the increased sympathetic drive at the end of 
sleep can cause adverse events during awakening from sleep (68). 
Sudden cardiac death occurring due to ventricular arrhythmias, 
especially ventricular fibrillation, carries a mortality rate of up to 
250,000–450,000 per year in the United States (69). OSA-associated 
hypoxemia results in bradycardia and increased peripheral 
sympathetic activity resulting in vasoconstriction (70), the same 
response that occurs during DR. A direct relationship between 
the severity of OSA and the risk of sudden cardiac death at night 
has been proposed, probably due to greater number of nocturnal 
ischemic events in these patients (71). In a recent study on more 
than 10,000 sleep study of patients, 78% were found to have sleep 
apnea and during the follow-up of 15 years, they found that 142 
(2%) had sudden cardiac arrest, either fatal or resuscitated (72). 
Though there is no direct linking evidence between the TCR and 
sudden cardiac death, the amount of influence that the autonomic 
system exerts on the heart, manifesting either as arrhythmias or 
as OSA-induced bradycardia and hypertension, does suggest the 
possibility of the TCR playing a role in sudden death as well.
Based on these reports, the TCR does seem to have a role in 
various sleep disorders, either due to altered noradrenergic or 
glutamatergic control, or in the form of naso-trigeminal reflex, 
or as a result of the immaturity of the autonomic nervous system. 
It underlines again that the TCR is one of the most important 
phenomenologies in (clinical) neuroscience.
LiMiTATiOn
This review is not a systematic review. It is more hypothetical 
in nature and is aimed to postulate the role of TCR in various 
sleep disorders so that future research could be directed on this 
important topic.
COnCLUSiOn
The pathophysiology of sleep disorders like OSA, SB, SD, and 
SIDS is not entirely understood at this time. Various hypotheses 
have been proposed for each of these conditions. The TCR might 
be playing a protective role in the case of sleep bruxism, while an 
exaggerated form of this reflex could be responsible for SD and 
SIDS. Based on available literature and exemplary cases, the TCR 
can be thought of as also playing an important role in various 
sleep disorders, though further evidence is warranted before it 
can be definitively implicated.
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